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Introduction 

-The 8o.l of t h i a  8hort coininication is  t o  present a theore t ica l  jo int  

probabil i ty dis t r ibut ion f o r  wave heights and periods developped in  1975 a t  

t h e  Centre 0c6anologique de Bretagne. This research progr- w u  proposed m d  

f h a n c i a l l y  supporred by the  Association de Recherche Action des Elements 

( c o u p  fomed of 9 french campanies o r  govemment seencies) which a l so  cer- 

r i e d  out anslysis of 200 twenty minute stonn wave recordings i n  the  North 

Se8 selected fram Waverider data kindly placed at our diaposal by t he  United 

Kirigdcan Offshore Operators Association.- 

To s t sy  within the  l imi t s  of a l lo ted  space, mathematical developments 

v i l 1  be cut short aod physical g u i d e l ~ e s ,  as well  a s  highlights of the  r e su l t s  

s t r tssed.  Further information may be obtained tram the  A.R.A.E. in te rna i  report 

actublly i n  p r in t  111 . 
1 - The "zero up-crossinp; wave" concept i n  view of stonn vave spectra 

Engincers for  a number of reasonr, are attached t o  the  individual vave 

concept while oceanographers have, t o  a large extent,  abandonned it i n  favor 

of spectra l  models. Cutting off t ha t  10 % of t he  t o t a l  energy in  the  high fre- 

quency t a i l  of Pierson-Moskowitz spectra (31 leads t o  spectra with a constani 

small value of the  vidth parameter c ; experimentally 152 storm vave spectra 

i n  t h e  l o r th  Sea submitted t o  such a cut-off gave f o r  e 8 value of 0.663 I 0.32 

qui te  close t o  tÈat of 0.325 for  the  P.H. spectrum. This indicates tha t  S t O n  

rpectr8 are  in  practice "narrow" so  t h a t  zero upc ros s ine  wave analysis can oe 

8pplicable. 

(*) C.N.E.X.O. Centre ~ c i a n o l o ~ i g u e  & aretagne B.P. 337 29273 BREST cékex 
(France ) 
Contribution no 493 du Département Scientifique. 
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II - The t h e o r e t i c a l  j o i n t  p r o b a b i l i t y  d i s t r i b u t i o n  

A s inuso ida l  wave may be defined,  e i t h c r  by i ts  amplitude and per iod ,  

or by i t s  amplitude and second de r iva t ive  with respect  t o  t ime et %he c r e s t ,  

!'rom vhich i ts  per iod  i s  r e a d i l y  found anew. This second d e f i n i t i d l e d .  us t o  

seck t h e  s t a t i s t i c a l  d i s t r i b u t i o n  of  i nd iv idua l  vave 'be ights"  and "perioas" 

def ined  at t h e  p o s i t i v e  maxima o f  second order  gaussian no i se ,  s t a r t i n g  f r a n  

t h e  b a s i s  of Cartwright and Longuet-Riggins ' fundamental paper 121 . This 

le- a f t e r  some a lgebra  t o  t h e  following j o i n t  p robab i l i t y  d i s t r i b ~ t i o n  

The va r i ab l e  h is t h e  non dimentional va r i ab l e ,  r a t i o  of twice t h e  po- 

sitive mariaun's v e r t i c a l  displacement t o  fio ; r i s  t h e  r a t i o  of  t h e  wave 

pe r iod  T ( d e f i r e d  by t h e  acce l e ra t ion  of t h e  f r ee  su r f ace  a t  t h e  maximzj to - 
T T where T i s  t h e  mean t h e  i n t e r n a 1  between successive p o s i t i v e  zaxisa 

C C 

vhich  f û r  ga r s s i an  no i se  i s  given by 

and ;, funct ion of  r , is t h e  mean value o f  T/Tc which must be d e t e m i z e l  by 

numerical i n t e g r a t i o n  of  equation 1 ( t h e  vailles of  T remain c lose  t o  1 .O 

f o r  values o f  r up t o  0 . 9 5 ' .  Figure 1 shows t h e  evolut ion of  p ( h , ~ :  as a 

tunc t ion  of c . 

III .- Cornparison with storm condit ion recordings 

Figure 2 shows both i sodens i ty  cunres determinèd experiment a i l y  fron 

28 240 zero up-crossing vaves (T being t h e  mean zero up-crossirig p e r i o d  of  

each recording)  and t h e o r e t i c a l l y  from equation 1 ) .  The fi t  I c  q u i t e  good 

i n  view of t h e  large value of  t ,  0.865, mean value of t h e  182 recor3 i r .g~  USPC 

(etandard devia t ion  0.031 ) . Camparison o f  p e s e n t  theory  which takes  i n t o  

account only p o s i t i v e  maxima, t h a t  obtained by considering t h e  double w.,pli- 



tude  of bot; p o s i t i v e  and negat ive maxima (deduced from reference  121 ) vhere 

appl icable ,  and observat ions i n  t h e  North Sea i s  made i n  f i gu re  3 ; here a s  i n  

f igure  4 ,  t e n  recordings have been analyzed and t h e i r  s p e c t r a  a r t i f i c i a l l y  nar- 

rowed by e l imina t ion  of high frequency components , r e t a i n i n g  100, 95,  90 and 

80 pe r  cent  of t h e  energy a t  t h e  low freqüencies .  

Conclusion 

F r a  t h e  c o ~ p l e t e  s e t  o f  f i g a r e s  it must be concluded t h a t  t h e o r e t i c a l  

f i t  wi th  measurements i s  r a t h e r  good, under t h e  only r e s t r i c t i o n  t h a t  t h e  expe- 

r imental  non-dimensionnal "period" used be t h e  r a t i o  T 
Z.U.C.  

/ i n  p lace  .of T . 
In  view o f  t h e  bas i c  hypothesis ,  t h e  b e s t  f i t  between theory  and observat ions 

is obtained f o r  low values of r , but  a t  l e a s t  f o r  t h e  severe s e a  s t a t e  con- 

d i t i o n s  examined, agreement i s  s t i l l  s a t i s f a c t o r y  va lues  of  € up t o  0 .9  ; prac- 

t i c a l l y  it is important t o  no t i ce  t h a t  t h e  h ighes t  waves v i l 1  heve a maxiaum 

p robab i l i t y  of occuring with values of T only s l i g h t l y  supe r io r  t o  T as ind ica-  

t e d  both by f i g u r e s  2 and 3. 

I n  conclusion,  it must be s t r e s s e d  t h a t  t h e  theory  developped a?pl ies  t c  

al1 f a i r l y  narrow band gaussian no i se  so  t h a t  i t s  use may be extended t o  q u i t e  

a number of o the r  appl ica t ions .  

111 k h a n  M . ,  Cavanié A . ,  Ezraty R. - Etude théor ique  e t  expérimentale de l a  
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r e p o r t ,  1976. . , 

l21 Cartwright D.E. and Longuet-Higgins M.S.- The s t a t i s t i c a l  â i s t r i b u t i o n  of 

t h e  maxima of a  random funct ion.  Proc. Roy. Soc. Ser .  A 237, PP 

pp. 212-232, 1956. 

131 Pierson V . J .  and Moskowitz L. - A propoçed s p e c t r a l  form f o r  f u l l y  develop- 

ped v ina  seas  based on t h e  s i rn i l a r i t y  theory  of S.A. Ki ta igorodski i  G 
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Evolution of p(h,r) with c 

Figure n.1 
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North Sea Stormr Probability Deneity Theoret ical Probabil ity Density 

Figure n02 
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- -  Cartwright 6 Longuet Higginr ( 1956) 
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Evolution with c of experimental cumulative probability compared with theory (straight line) 

Figure n04 
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DISCUSSION 

By M r .  H .  Rye, The Norwegian Institute o f  Technology,  Norway 

1 g u e s s  t h a t  my comment i s  n o t  o n l y  d i r e c t e d  towards t h e  p a p e r  

p r e s e n t e d  by Cavanié  e t .a l .  i n  p a r t i c u l a r ,  b u t  i s  r e l e v a n t  t o  many 

o t h e r  p a p e r s  p r e s e n t e d  a t  t h i s  c o n f e r e n c e  as w e l l .  My comment d e a l s  

w i t h  t h e  v a r i o u s  s p e c t r a l  shape  p a r a m e t e r s  a p p l i e d  a t  t h i s  c o n f e r e n c e  

and  t h e  c o n f l i c t i n g  r e s u l t s  t h a t  t h e s e  pa rame te r s  produce.  

The s p e c t r a l  p a r a m e t e r  E w a s  ment ioned by D r .  Milgram t o  g i v e  numbers 

g e n e r a l l y  lower  t h a n  . 7 ,  w h i l e  ~ a v a n i é  e t . a l .  r e p o r t  on a  mean v a l u e  

o f  . 8 6 5 .  The s p e c t r a l  nar rowness  p a r a n e t e r  v a p p l i e d  by  Houmb and 

Overv ik  a t  t h i s  c o n f e r e n c e ,  w a s  found t o  be  l o c a t e d  b a s i c a l l y  between 

. 5  and . 6  f o r  JONSWAP-type s p e c t r a ,  w h i l e  Liu I l ]  and Longuet - 
Higg ins  121 have  a p p l i e d  t h e  numbers .425 and . 2 3 4 ,  r e s p e c t i v e l y .  

Both t h e s e  p a r a m e t e r s  have been shown t o  be u n s t a b l e ;  i .e .  t h e y  a r e  

dependen t  on t h e  h igh- f requency  e u t - o f f  c h o i c e  when t h e  moments o f  

t h e  spec t rum are computed I 3 1 .  T h i s  is  u n f o r t u n a t e  because  t h e  

e n e r g y  c o n t e n t  l o c a t e d  i n  t h e  h igh- f requency  t a i l  i n  t h e  spec t rum i s  

g e n e r a l l y  of l i t t l e  o r  no  s i g n i f i c a n c e  f o r  ocean e n g i n e e r s .  

P e r s o n a l l y ,  1 a m  i n  f a v o u r  o f  t h e  peakedness  parameter  Qp a p p l i e d  

by Goda a t  t h i s  con fe rence :  

where mo is  t h e  z e r o t h  moment of t h e  spec t rum S ( f ) .  T h i s  pa rame te r  

is shown t o  be s t a b l e  [ 3 ] .  If E o r  v are t o  be used ,  t h e  l o c a t i o n  
o f  t h e  s p e c t r a l  peak as w e l l  a s  t h e  h igh- f requency  c u t - o f f  have  t o  

b e  s p e c i f i e d  f o r  each  s e p a r a t e  c a s e .  



G e n e r a l l y ,  it i s  u n f o r t u n a t e  t h a t  t h e  s p e c t r a l  moments a r e  a p p l i e d  

t o  s ~ e c i f y  t h e  wave f i e l d .  These c o n c e p t s  were  o r i g i n a l l y  a p p l i e d  

f o r  t h e  a n a l y s i s  o f  r a d i o  s i g n a l s .  Wave s p e c t r a ,  however,  u s u a l l y  

c o n t a i n  a  h igh - f r equency  t a i l  p r o p o r t i o n a l  t o  f - 5  which c a u s e s  t h e  

moments t o  depend on t h e  h i g h - f r e q u e n c y  c u t - o f f  c h o i c e .  F i g .  1 

(be low)  shows t h e  dependency o f  t h e  second  moment t o  t h e  h igh-  

f r e q u e n c y  c h o i c e .  The f i g u r e  shows a  v a r i a t i o n  o f  a  f a c t o r  o f  two 

f o r  m2 f o r  a  Pierson-Moskowitz t y p e  s p e c t r u m  ( y = l ) ,  w i t h i n  t h e  r a n g e  

1 . 5  f  - 1 0  f  where f i s  t h e  peak f r e q u e n c y .  These l i m i t s  are 
P P  P  

chosen  because  bo th  have  been  a p p l i e d  by v a r i o u s  i n v e s t i g a t o r s  [4,51. 

I t  i s  t h e r e f o r e  obvious  t h a t  a v a r i e t y  o f  r e s u l t s  may be  o b t a i n e d  by 

v a r y i n g  t h e  c h o i c e  o f  t h e  c u t - o f f  f requency!  

For  pa rame te r s  r e l a t e d  t o  t h e  t h i r d  and t h e  f o u r t h  moment, t h e  c u t -  

o f f  dependency i s  even  l a r g e r .  1 t h e r e f o r e  b e l i e v e  t h a t  moments 

l a r g e r  t h a n  t h e  f i r s t  one s h o u l d  be  avo ided  i n  f a v o u r  o f ,  Say,  

Qp and t h e  peak f r equency .  
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FIGURE 1. The second moment m2 as a f u n c t i o n  o f  t h e  high-  

f r e q u e n c y  c u t - o f f  c h o i c e .  m2 i s  computed by means 

o f  n u m e r i c a l l y  i n t e g r a t i n g  t h e  JONSWAP spectrurn 

- e q u a t i o n  [SI. The r e s u l t s  a r e  normalized t o  a 

cu t -o f f  c h o i c e  equal t o  1 0  f D .  f  = f m  = peak 
P 

f r equency  = a r b i t r a r y .  a = a r b i t r a r y .  y = peaked- 

n e s s  f a c t o r  i n  t h e  JONSWAP spec t rum e q u a t i o n  [ 5 1 .  


